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Abstract. Rotation curves and velocity dispersion pro- 
files are presented for both the stellar and gaseous com- 
ponents along five different position angles (P. A. =5°, 
50°, 95°, 125°, and 155°) of the nearby barred spiral 
NGC 6221. The observed kinematics extends out to about 
80" from the nucleus. Narrow and broad-band imaging is 
also presented. The radial profiles of the fluxes ratio [N II] 
(A 6583.4 A) /Ha reveal the presence of a ring-like struc- 
ture of ionized gas, with a radius of about 9" and a depro- 
jected circular velocity of about 280 km s . The analysis 
of the dynamics of the bar indicates this ring is related to 
the presence of an inner Lindblad resonance (ILR) at 1.3 
kpc. NGC 6221 is found to exhibit intermediate proper- 
ties between those of the early- type barred galaxies: the 
presence of a gaseous ring at an ILR, the bar edge located 
between the ILR's and the corotation radius beyond the 
steep rising portion of the rotation curve, the dust-lane 
pattern, and those of the late-type galaxies: an almost ex- 
ponential surface brightness profile, the presence of Ha 
regions along all the bar, the spiral- arm pattern. It is con- 
sistent with scenarios of bar-induced evolution from later 
to earlier-type galaxies^- 

Key words: galaxies: individual: NGC 6221 - galaxies: 
kinematics and dynamics - galaxies: bars - galaxies: evo- 
lution - galaxies: interactions 
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1. Introduction 

NGC 6221 is a nearby spiral classified as Sbc(s) by 
Sandage & Tammann (1981) and as SBc(s) by de Vau- 
couleurs et al. (1991). In The Carnagie Atlas of Galaxies 
(Panel 189) Sandage and Bedke (1994) describe its mor- 
phology as semichaotic with two symmetric heavy dust 
lanes starting from the nucleus and threading through 
the middle of the opposite thick arms, which begin at the 
centre. They also stated that although the galaxy is not 
strongly barred its dust pattern is similar to that of pro- 
totype SBb galaxies, characterized by two straight dust 
lanes. An overview of the optical properties of the galaxy 
is given in Table 1. 

NGC 6221 forms an apparent physical pair with the 
late-type spiral NGC 6215. They have a systemic ve- 
locity of 1465 ± 10 km s" 1 (this paper) and 1521 ± 43 
km s _1 (RC3) respectively. Their angular distance is 
about 26' (RC3) corresponding to a projected linear sep- 
aration of about 227 kpc at a mean distance of 30 Mpc 
(Ho = 50 km s _1 Mpc -1 ) The galaxy is also possibly in- 
teracting with two newly discovered low-surface brightness 
galaxies nearby (Koribalski 1996a). 

The dynamics of the ionized gas component in this 
galaxy has been studied by Pence & Blackman in 1984 
(hereafter P&B). They measured a conspicuous S-shaped 
pattern in the ionized gas velocity field, showing that large 
velocity gradients occur at the position of the dust lanes 
in the bar. They have been interpreted as the signature 
of shock fronts of the gas which reverses its motion from 
outward to inward as it passes through them. 

Philipps (1979) reported that the nuclear spectrum of 
NGC 6221 exhibits signatures of emission originating from 
H II regions and also a weak Seyfert 2 component. He 
concluded however that the emission line spectrum can 
be interpreted as gas being ionized by hot young stars 
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Fig. 1. Ha+[N II] emission lines image of NGC 6221. The 
slit positions (P.A.=5°, 50°, 95°, 125°, and 155°) of the 
obtained spectra are plotted. The black bars show the po- 
sition and the size of the regions (along the different slit 
positions) where the [N II] /Ha fluxes ratio is greater than 
0.5. The image orientation and scale are indicated 

without the need to introduce a non-thermal component in 
the galaxy nucleus. The analysis of the spatial distribution 
of the ionized gas (Durret & Bergeron 1987) confirmed 
this picture. Some dozens of H II regions were identified 
in the disk region extending as far as 9 kpc from the galaxy 
nucleus. Although the emission in the nucleus appears to 
be extended (~ 1 kpc 2 ), the authors conclude that the 
main ionizing sources are OB stars and that UV and X- 
ray radiation from the nuclear source might not penetrate 
the heavily obscured nuclear region. Dottori et al. (1996) 
also recently suggested that the nucleus of NGC 6221 may 
harbour sources of type H II and also a Seyfert 2 source. 

In this paper we study the kinematics of the ionized 
gas and the stellar components in NGC 6221. We present 
the velocity curves and the velocity dispersion profiles of 
gas and stars obtained along five different position angles 
by means of long-slit spectroscopy. 

2. Observations and data reduction 

2.1. Narrow and Broad- Band Imaging 

Two narrow-band images of NGC 6221 were extracted 
from the ESO NTT archive. They were taken on the night 
of May 6, 1994 with the NTT Telescope at La Silla. The 
No. 25 Tektronix TK1024M CCD with 1024 x 1024 pix- 




Fig. 2. Stellar continuum image of NGC 6221. The image 
orientation and scale are the same as in Fig. 1 



els was used as detector in combination with SUSI. Each 
24,umx24/mi image pixel corresponds to 0.13" x 0.13". 
The CCD gain and the readout noise were determined to 
be 3.4 e~ per ADU and 5.9 e~, respectively. 

The emission-band image was obtained with the in- 
terference ESO filter No. 692 isolating the spectral region 
containing the redshifted Ha and [N II] (A 6583.4 A) emis- 
sion lines. The continuum-band image was taken with the 
interference ESO filter No. 696 isolating an emission-free 
spectral region. The exposure time was 20 minutes for 
each filter. The seeing was about 1.7" 

Standard reduction of the two images was performed 
using the original available data. The two images were 
aligned using field stars as reference (with an accuracy 
better than 0.2 pixel). In each image the sky level was esti- 
mated in areas of the frames unaffected by the galaxy light 
and then subtracted. The continuum-band image was sub- 
tracted from the emission-band image after an appropriate 
intensity scaling, allowing for transmission differences be- 
tween the filters. No attempt was made to calibrate in flux 
the resulting pure-emission image of NGC 6221. 

Two broad-band images of NGC 6221 in the / and 
the J band respectively were extracted from the DENIS 
data archive (Epchtein et al. 1997). Their reduction was 
routine. 

The reduction of the broad and narrow-band images 
and the surface photometry of the NTT continuum and 
DENIS / and J-band frames was performed by means 
of standard procedures within the ESO-MIDAS software 
package. 
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Table 1. Optical properties of NGC 6221 



pal aiucLci 


Veil LI C 


Name 


NGC 6221 


Morphological type 


Sbc(s) a ; .SBS5 b 


Position (equinox 2000.0) b 




right ascension a 


16 52 46.8 


declination S 


-59° 12' 59" 


Heliocentric systemic velocity cz c 


1465 ± 10 km s" 1 


Position angle P.A b 


5° 


Isophotal diameters D 2 sXd25 b 


3^55 x 2'A5 


Inclination i d 


44° 


Total corrected B magnitude B^ h 


10.66 mag 



a from Sandage & Tamman (1981) 
b from de Vaucouleurs et al. (1991) 
c from this paper 

d from log R25 of de Vaucouleurs et al. (1991) 



2.2. Long-Slit Spectroscopy 

The spectroscopic observations of NGC 6221 were car- 
ried out at the ESO 1.52 m Spectroscopic Telescope at La 
Silla using the Cassegrain Boiler & Chivcns Spectrograph 
in the nights of April 30 and May 2, 1992. The No. 26 
1200 grooves mm -1 grating blazed at 5730 A, was used 
in the first order in combination with a 2.5" x 2.1' slit. 
The No. 24 FA2048L CCD with 2048x2048 pixels was 
adopted as detector. It yielded a wavelength coverage of 
- 2000 A between about 4900 and about 6900 A with a 
reciprocal dispersion of 65.1 A mm -1 . The instrumental 
resolution was determined measuring the FWHM of the 
emission lines of the comparison spectra. We checked that 
such measured FWHM's do not depend on wavelength and 
we found a mean value of FWHM = 2.35 A (i.e. a = 1.0 A 
which corresponds in the range of the observed emission 
lines to ~ 50 km s _1 ). Each 15/umxl5/um spectrum pixel 
corresponds to 0.98Ax0.81". 

The long-slit spectra of NGC 6221 were obtained at 
different position angles in order to map the velocity field. 
The observing log is given in Table 2. The seeing value was 
about 1.2". Each object spectrum was bracketed by two 
helium- argon calibration spectra. The stars HR 3431 (K4 
III), HR 5601 (K0.5 III), HR 6318 (K4 III) and HR 7597 
(K0 III) were observed as velocity templates. The stan- 
dard spectral reduction was performed by using the ESO- 
MIDAS package. All the spectra were bias subtracted, 
flat-field corrected by quartz lamp exposures and wave- 
length calibrated by fitting the position of the comparison 
lines with cubic polynomials. Pixels affected by cosmic ray 
events were identified and then corrected. The contribu- 
tion of night sky was determined from the edge regions 
(not contaminated by galaxy light) of each spectrum and 
then subtracted. 



Table 2. Observing log for NGC 6221 





Date 


PA 

[°] 


exp. time 

I s ] 


comments 


30- 


-Apr-1992 


5 


3600 


major axis 


02- 


-May- 1992 


50 


3300 




02- 


-May- 1992 


95 


3600 


minor axis 


02- 


-May- 1992 


125 


3300 


bar major axis 


30 


-Apr-1992 


155 


3600 





The stellar velocities and velocity dispersions were 
measured from the absorption lines in the wavelength 
range between about 4900 A and 6200 A using the Fourier 
Correlation Quotient technique (Bender 1990) as applied 
by Bender et al. (1994). The measured radial velocities 
were corrected to the heliocentric frame of reference. The 
heliocentric correction was Av = +15.6 km s _1 and +14.9 
km s _1 for April, 30 and May, 2 respectively. 

The stellar kinematics measured along the different po- 
sition angles is given in Table 3. The table provides the 
position angle (Col. 1), the radial distance from the galaxy 
centre in arcsec (Col. 2), the observed heliocentric velocity 
with its respective error (Cols. 3, and 4), and the velocity 
dispersion with errors (Cols. 5 and 6) in km s _1 , and the 
Gauss-Hermitc coefficients wtih errors h 3 (Cols. 7 and 8) 
and hi (Cols. 9 and 10). 

The gas velocities and velocity dispersions were mea- 
sured by means of the MIDAS package ALICE from the 
Ha and [N II] (A 6583.4 A) emission lines. The position, 
the FWHM and the uncalibrated flux of each emission 
line were individually determined by interactively fitting 
a Gaussian plus a second order polynomial to the emis- 
sion and its surrounding continuum. The wavelength of 
the Gaussian centre was converted to the velocity cz, and 
then the heliocentric correction was applied. The velocity 
errors were derived as in Bertola et al. (1996). The Gaus- 
sian FWHM was corrected for the instrumental FWHM 
and then converted to the velocity dispersion ca/Xo- The 
velocities and the velocity dispersions derived from the 
two emission lines agree within 5%. At each radius the 
weighted mean of the velocities and the average of the ve- 
locity dispersions were taken as the velocity and velocity 
dispersion of the NGC 6221 ionized gas respectively. 

The ionized gas kinematics measured along the differ- 
ent position angles is given in the five Tables 4-8. Each 
table provides the radial distance from the galaxy centre in 
arcsec (Col. 1), the Ha observed heliocentric velocity with 
its respective error (Cols. 2 and 3) and velocity dispersion 
(Col. 4) in km s _1 , the [N II] observed heliocentric velocity 
with error (Cols. 5 and 6) and velocity dispersion (Col. 7) 
in km s _1 , the [N II]/Ha flux ratio (Col. 8), and the aver- 
aged ionized gas heliocentric velocity with error (Cols. 9 
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Fig. 3. NGC 6221 ellipticity and position angle radial 
profiles obtained from the ellipse fitting to the NTT 
continuum-band (crosses), DENIS /-band (filled dia- 
monds), and DENIS J-band (open circles) images 

and 10) and velocity dispersion with error (Cols. 11 and 
12) in km s _1 . 

3. Results 

3.1. The Surface Photometry 

The spatial distribution of the Ha+[N II] emission is dis- 
played in Fig. 1 together with the slit positions of the long- 
slit spectra. Most of the emission originates from knots in 
the spiral arm regions. These knots are the typical signa- 
tures of the presence of H II regions. The emission is also 
found to originate close to the dust lanes. The complex 
dust lane structures in the area of the bulge and bar are 
evident in the continuum image of NGC 6221 (Fig. 2). 
We estimate a bar projected radius of about 20" — 25" in 
agreement with Elmegrcen & Elmcgrecn (1985). 

From the isophotal analysis of the continuum image 
and the two DENIS images in the bands I and J, the po- 
sition of the bar was determined. The maximum in ellip- 
ticity and the plateau of the position angle profile around 



P.A.= 125° (Fig. 3) were used as indicators of the bar 
component. This position angle value is also consistent 
with the orientation of the dust lanes in Fig. 2. P&B de- 
rive for NGC 6221 a position angle for the line-of-nodes 
of 118° ± 5°. They also stated that the major axis of the 
bar is exactly perpendicular to the line-of-nodes. We be- 
lieve they confused the position angles of the major axis of 
galaxy with that of the bar as can be seen by Fig. 2 in this 
paper and by Plates 2 and 3 in their paper and from our 
velocity field. The uncalibrated surface brightness profile 
of the bar shows an exponential decrease, although heavily 
influenced by the presence of dust lanes. 
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Fig. 4. [N II] (A 6583.4 A)/H a emission line fluxes ratios of 
NGC 6221 as a function of radius for the position angles 
5° (major axis), 50°, 95° (minor axis), 125° (bar major 
axis) and 155° 



3.2. The Radial Profiles of the [N 11] /Ha Ratio 

The radial profiles of the fluxes ratio [N II] (A 6583.4 
A) /Ha were calculated for all position angles and are pre- 
sented in Fig. 4. The value of the ratio ([N II]/Ha~ 0.3) in- 
dicates that the emission is mainly from H II regions, even 
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Fig. 5. The kinematics of the ionized gas (open circles) and stars (filled squares) measures along NGC 6221 major-axis 
(P.A.=5°). The observed heliocentric velocity curves and the velocity dispersion profiles are shown in the top and in 
the bottom panel respectively. The errorbars of the gas velocities and velocity dispersions smaller than symbols are 
not plotted. The solid line represents the model circular velocity, as explained in the text 



in the bulge. The central regions where 0.5 <[N II]/Ha< 1 
are marked as black bars along each slit position in Fig. 1. 
They constitute a ring-like structure with a radius of 
about 9" (~ 1 kpc for the assumed distance), which is 
is located at the distance from the centre corresponding 
to the position of a ILR due to the presence of the bar 
(see § 3.4 for the discussion). The presence of this nuclear 
gaseous ring is consistent with the H I observations of Ko- 
ribalsky (1996b). 

3.3. The Ionized Gas and Stellar Kinematics 

The measured ionized gas and stellar kinematics of the 
galaxy NGC 6221 are presented for the observed position 
angles in Figs. 5-9. 

In all the spectra we found an offset of 4" — 5" be- 
tween the stellar kincmatical centre (obtained from the 
position of the maximum intensity of continuum) and the 
gaseous kinematical centre (estimated from the maximum 
emission of the Ha and [N II] lines). 

The position of the gaseous kinematical centre coin- 
cides with that estimated by P&B. For to the systemic 
velocity we measured V sys — 1465 ± 10 while P&B ob- 



tained a slightly larger value of 1475 ± 5. If we use the 
emission lines data as reference for the centre, we find 
for all intermediate position angles that the folded veloc- 
ity and velocity dispersion curves of ionized gas and stars 
present strong asymmetries. On the other hand, using the 
absorption lines data as reference for the centre the asym- 
metries of the folded kinematical profiles are minimized. 
In the following the absorption line data are therefore used 
to give the true centre for both ionized gas and stars. 

In order to bring out the asymmetries in the gas veloc- 
ity curves we compare them with the empirically derived 
curve of circular velocity projected onto the different posi- 
tion angles. We adopted the equation of the rotation curve 
of galaxy represented as a sequence of flattened spheroids 
of Brandt (1960) as applied by Bettoni & Galletta (1997) 
for their sample of barred galaxies. The parameters of the 
curve were found by the best fit to the major axis NE side 
of ionized gas rotation curve (which has the more regu- 
lar pattern) assuming a galaxy inclination of 44° (RC3). 
The resulting curve has been folded for the major axis 
SW side. Then it has been projected onto the remaining 
the position angles assuming that the mean motions were 
symmetric with respect to the galaxy rotation axis. These 
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projected curves (see Figs. 5-9) allow us to estimate when 
ionized gas and stars deviate from circular motions. 

3.3.1. The Major Axis (P.A.= 5°) 

The kinematics of the ionized gas and starsmeasured along 
the NGC 6221 optical major axis is shown in Fig. 5. 

The ionized gas kinematics extends to about 80" (~ 11 
kpc) on the receding SE side and to about 55" (~ 8 kpc) 
on the approaching SW side. We found that our gas ro- 
tational velocity data agrees within the errors with the 
measurements obtained by P&B along their spectrum G 
(P.A.= 14°) and deprojected to our position angle. We 
obtain more detailed measurements in the central region 
where the velocity gradient is strong (Av gas — 350 km s _1 
for Ar = 20"). The velocity dispersion of the gas show 
within the bulge a peaked trend for |r| < 5 with a maxi- 
mum value of about 130 km s _1 . In the outer region dom- 
inated by the disk component the velocity dispersion is 
found to be constant at a value of about 50 km s _1 . Sim- 
ilar peaked velocity dispersion profiles are also found in 
bulges of elliptical (e.g. Zeilinger et al. 1996) and lenticu- 
lar galaxies (e.g. Bertola et al. 1995). For 15" < |r| < 25" 
the gas velocity curve is very asymmetric as shown by 
the comparison with the empirical circular velocity curve. 
In this radial range the gas velocity along the receding 
side is about 20 km s _1 lower then the circular veloc- 
ity. It is about 60 km s _1 higher along the approaching 
side. An abrupt change in the slope of the gas velocity 
curve and a local maximum in the gas velocity dispersion 
is also observed at about 17". No emission is detected for 
25" < r < 50". 

The stellar kinematics data extend from about 35" (~ 
5 kpc) on the SE side to near the centre of the galaxy. 
The velocities of the stars follow closely the trend of the 
velocities of the gas. The stellar velocity dispersion profile 
is peaked with a central value of about 200 km s _1 . At 
larger radii it drops off to a value of about 70 km s _1 
along the NE side. For the SW side it was not possible to 
measure the stellar kinematics due to the poor S/N ratio 
of the absorption lines. 

The stellar kinematics of the bulge is found to be con- 
sistent with a hot stellar system (v/a ~ 0.3 at e ~ 0.2). 
The fact that the velocity dispersion of the gaseous com- 
ponent is of the same order as that of the stellar one indi- 
cates a significant contribution of random motions to the 
dynamical support of the gas as dicussed by Bertola et al. 
(1995) for a sample of SO galaxies. 

3.3.2. The Intermediate Axis at P.A.= 50° 

The kinematics of ionized gas and stars measured along 
the NGC 6221 P.A.= 50° is shown in Fig. 6. 

The gas kinematics is observed to about 70" (~ 10 
kpc) on the NE side and to about 85" (~ 12 kpc) on 
the other side. For this intermediate axis our gas velocity 



data agrees within the errors with those of P&B (spectrum 
J). The central velocity gradient (Au gas = 300 km s _1 
for Ar = 20") is lower than on the major axis. The gas 
velocity dispersion has a central maximum of about 120 
km s _1 . It decreases slowly to about 40 km s _1 with the 
distance from the centre. 

The stellar velocity curve is close to the gaseous one. 
Except for —10" < r < —3" the stellar velocity dispersion 
remains higher than the gaseous one of about 20 km s _1 . 
The stellar data are as extended as the gas data in the NE 
side and limited to about 35" (<~ 5 kpc). The SW side is 
characterized by regions without emission lines and with 
low S/N absoption lines. This produces the large errors 
in the measurement of the velocity of the gas and makes 
impossible to determine the stellar kinematics. 

3.3.3. The Minor Axis (P.A.= 95°) 

The kinematics of ionized gas and stars measured along 
the NGC 6221 optical minor axis are shown in Fig. 7. 

The gas kinematics is measured to about 65" (~ 9 
kpc) and to about 75" (~ 11 kpc) on the NW and SE side 
respectively. The gas velocity measurements obtained by 
P&B along their spectrum B (P.A.= 104°) deprojected to 
P.A.= 95° agree within the data errors with the velocities 
we found along this axis. If we assume an axisymmetric 
potential for a galaxy we expect to find a zero velocity gra- 
dient along the minor axis; nevertheless, here we observe 
a 'wavy pattern' in the gas velocity curve at this position 
angle. P&B defined this behaviour as a 'conspicuous S- 
shaped pattern' on the isovelocity contours of the gas. For 
\r\ > 30" the gas velocity follows the circular velocity only 
on the NW side. The folded velocity curve is asymmetric 
for \r\ > 10", with a maximum velocity difference between 
the NW and SE side of about 60 kms' 1 . 

In spite of the fact that the minor axis differs by about 
30° from the bar position angle, the virtual absence of pro- 
jected circular motions at this angle makes it possible to 
study in great detail how the bar affects the dynamics of 
gas and stars. The non-circular motions have an observed 
maximum amplitude of about 100 km s _1 , which is found 
to be in agreement with the rather general predictions 
by Roberts et al. (1979), who estimate velocities in the 
range of 50 km s _1 to 150 km s _1 for bar- induced radial 
components of gas flow. From the analysis of Fig. 2 a pro- 
jected radial extent of 20" — 25" is estimated for the bar 
component, and this is found to be in agreement with the 
kinematical data. The gaseous velocity dispersion profile 
in the region of the bar is found to be constant with a 
value of about 70 km s _1 distinctly different from the two 
preceding postion angles (i.e. at 5° and 50°) where the 
profile was peaked at the centre. Outside the bar region 
the gas velocity dispersion is lower than 50 km s _1 . 

From the above, we can explain the 'wavy pattern' 
in the gas velocity curve along the minor axis as follows. 
For the central r < 6" the velocity of the gas shows a 
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negative gradient because it follows the x\ family orbits, 
a little further out the gradient is inverted on both sides 
of the velocity curve. This can be explained if we consider 
that beyond the position of the outer ILR (located at a 
deprojected radius r ~ 9") the gas follow the x 2 family 
orbits out to the corotation radius (at a deprojected radius 
r ~ 33"). Outside the corotation the bar influence declines 
and the velocity of the gas tends to the systemic velocity, 
at least on the NW side. 

The star kinematics is measured up to a distance of 
about 45" (~ 7 kpc) in the NW side and up to about 7" 
(~ 1 kpc) in the SE side. The velocity curve for the stars 
agrees within the error limits with the circular velocity. 
At this angle the velocity dispersion appears significantly 
higher for the stars than for the gas. The stellar velocity 
dispersion is higher than 90 km s _1 at all radii peaking to 
about 150 km s _1 in the centre. For the SE side (r > 10") 
of the spectra it was not possible to obtain measurements 
of the stellar kinematics. 

3.3.4. The Bar Major Axis (P.A.= 125°) 

The kinematics of ionized gas and stars measured along 
the NGC 6221 P.A.= 50° are shown in Fig. 8. From the 
photometrical data we deduced that this is the position 
angle of the major axis of NGC 6221 bar. 

The gas kinematics extends to about 55" (~ 8 kpc) 
from the nucleus on cither side. P&B did not obtain 



gas velocity measures for this angle. The gas velocity 
curve is strongly asymmetric. It follows the predicted 
circular velocity only along the approching SE side. On 
the receding NW side the observed gas velocity is lower 
(-50" < r < -20"), equal (-20" < r < -10") and higher 
(—10" < r < 0) than the circular velocity. The observed 
maximum deviation from the empirical circular velocity is 
about 80 km s _1 at r ~ —3". The gas velocity dispersion 
profile has an 'M-shaped' appearance due to the presence 
of two local maxima. It peaks at about 120 km s _1 in the 
centre and at about 140 km s _1 at r = —10". For the 
outer regions it decreases and it becomes constant with a 
value lower than 40 km s . 

The stellar kinematics is observed to about 50" (~ 7 
kpc) on the NW side and to about 40" (~ 6 kpc) on 
the SE side. The stars rotate more slowy than gas with a 
higher velocity dispersion at all radii. This has a central 
maximum of about 160 km s _1 , and remains higher than 
80 km s _1 at larger radii. 

3.3.5. The Intermediate Axis at P.A.= 155° 

The kinematics of ionized gas and stars measured along 
the NGC 6221 P.A.= 155° are shown in Fig. 9. 

The gas kinematics is measured up to 80" (~ 11 kpc) 
and up to 70" (~ 10 kpc) in the approaching and in the 
receding side respectively. P&B do not present gas velocity 
data are at this position angle. The gas velocity curve has 
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the same appearance as that along the major axis, with 
the exception of a lower velocity gradient. Along all the SE 
side the observed velocity differs from the circular value 
by about 60 km s _1 . The gas velocity dispersion profile 
has a central maximum of about 140 km s _1 decreasing 
to values lower than 60 km s _1 for r > 20". 

The stellar kinematics is observed to about 50" (~ 7 
kpc) on cither side of the centre. The stars rotate with 
similar velocity to the gaseous component. They also show 
the same velocity dispersion profile as the gas. The S/N 
ratio for the absorption lines is very low for the SE side 
where the stellar kinematics is measured only at about 
50" from the centre. 

3.4- The Location of the Lindblad Resonances 

With the empirical curve of the circular velocity V(R) de- 
rived in the section § 3.3 we are able to calculate the angu- 
lar velocity ft(R) = V{R)/R and the epicyclic frequency 
k{R) = (Aft 2 + Rd ft 2 / dr) 5 where R is the distance from 
the centre deprojected on the galaxy plane. In Fig. 10 the 
curves ft, ft + k/2 and ft — k/2 are plotted in the inner 
70" (~ 10 kpc) from the centre. 

If we assume the observed ring of ionized gas to be 
at the outer ILR we derive the pattern speed of the bar 
ftp from the condition fl p = ft (-Roilr) — k (J2oilr)/2. We 
have -Roilr = 9" (~ 1 kpc) and we find for the bar of 
NGC 6221 that fl p = 46 km s _1 kpc -1 taking in account 



all the uncertainties. For this value of ft p there is another 
intersection with the curve ft — k/2 giving the location 
of the inner ILR. The radius of the inner ILR is small 
(-Riilr = 3" ~ 0.4 kpc), and its precise location is un- 
certain as it is comparable to the seeing resolution of our 
observation. 

Corotation is located at the radius Rcr where the 
bar pattern speed and the angular velocity are equal, i.e. 
ftp = ft (Ren). We find that the corotation radius is at 
a distance Rcr = 33" (~ 5 kpc) from the centre. This is 
consistent with Fig. 2 where the bar seems to finish be- 
tween 20" and 25" corresponding to about 28" - 35" if 
deprojected onto the galaxy plane. 

No outer Lindblad resonance (OLR) is found in the 
radial range of the observe gas kinematics because the 
condition fi p = fl(R) + k(R)/2 is not satined for any value 
of the radius R. 

4. Discussion and Conclusion 

The possible link between bar component and nuclear ac- 
tivity has a long history either in the observational and in 
the theoretical field (e.g. Shlosman 1994). Recent observa- 
tions have lead Ho et al. (1997) to disagree with this idea 
and to conclude that, even though the presence of a bar 
can enhance star formation in the bulge region, it does 
not affect significantly the active nucleus. Our data for 
NGC 6221 support this interpretation, because the phys- 
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ical properties of the central line emitting region indicate 
clearly that ionization comes from the presence of stellar 
sources. An AGN and its observational signatures might 
be obscured by gas and dust, but this is, of course, spec- 
ulation. 

The asymmetries of the velocity curves outside the 
bar region may be due to a tidal distorsion caused by 
NGC 6215. Koribalski (1996a) discovered an H I bridge 
between NGC 6221 and NGC 6215 and later (Koribalski 
1996b) suggested a possible interaction of NGC 6221 with 
the two newly discovered low-surface brightness galaxies 
nearby, namely BK1 and BK2. 

Elmcgrccn & Elmegreen (1989) and later Keel (1996) 
proposed a dichotomy of bar properties between early- 
type (Sbc and earlier) and late- type galaxies (Sc and later) 
based on observational properties such as bar size, density 
profile of the bar, star formation, and so on. Early-type 
bars tend to be a dominant component in the galaxy with 
a flat density profile extending out to the corotation ra- 
dius, where they drive symmetric spiral arms (Combes 
& Elmegreen 1993). On the contrary, bars in late- type 
galaxies are small with exponentially decreasing density 
profiles, which extend only to the ILR radius. These kind 
of bars arc unable to influence the wave pattern of the 
stellar disk. This view is also supported by the model of 
Combes & Elmegreen (1993). 



NGC 6221 is found to exhibit intermediate properties 
between early- type and late- type barred spiral galaxies, as 
discussed below: 

i) Late-type features: The surface brightness profile shows 
an exponential decrease; the star formation, i.e. the 
Ha emission, is detected along all the bar; the arm 
structure is typical of a late-type. 

it) Early-type features: The edge of bar is located between 
the outer ILR radius and the corotation radius beyond 
the rising part of the velocity curve; the strong gra- 
dient of gas velocity curve in the central 2 kpc; the 
dust-lane pattern is similar to that of the prototype 
SBb galaxies (see NGC 1300 in Panels S8 and 154 in 
the CAG as example) ; the radial profiles of the fluxes 
ratio of the Ha and [N II] emission lines reveal the 
presence of a ring structure associated with an ILR; 
moreover NGC 6221 is interacting with NGC 6215, 
and Elmegreen et al. (1990) have demonstrated the 
presence of bars in paired early- type spirals. 

Indeed the case of NGC 6221 is analogous to that of 
certain other galaxies, notably NGC 1300 (Combes & 
Elmegreen 1993). It has been classified as a late- type 
barred spiral because of the presence of gas, star forma- 
tion and spiral arms, but it could be considered as an 
early-type due to the dynamical properties of its bar. 

Pfcnniger (1992) has suggested that a major effect due 
to the presence of a bar could be that the galaxy evolves 
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towards earlier morphological types. Our study indicates 
that NGC 6221 is a typical case of a late- type barred spiral 
evolving to an earlier type. If our interpretation is correct, 
it is understandable that there is so difficult to reach agree- 
ment about its morphological classification which is Sbc(s) 
in RSA and SBc(s) in RC3. Sometimes the criteria of clas- 
sification in the Hubble sequence cannot describe exactly 
the complicated scenario of the evolution of galaxies, as 
appears to be the case for NGC 6221. 
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Fig. 10. The angular velocity curve Q, and the derived 
curves f2 ± k/2 in NGC 6221. The values of the angular 
velocity O and the epicyclic frequency k are calculated 
from the model circular velocity deprojected on the galaxy 
plane. The horizontal line indicates the bar pattern speed 
Hp = 46 km s _1 kpc -1 . The positions of the two inner 
Lindblad resonances (-Riilr = 3" and -Roilr = 9") and 
of the corotation (Rcr = 33") are showed. No OLR has 
been found. 
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